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(54) Data signal quality evaluation method and apparatus using high speed sampiing 



(57) The scale and complexity of an apparatus is re- 
duced by omitting a clock extraction section. The appa- 
ratus includes: a sampling pulse train generation device 
(1 3, 23, 33) which generates an optical oreleotrical sam- 
pling pulse train, Independently of an Input optical or 
electrical data signal with a bit rate /q (bit/s), and which 
has a repetition frequency/, (Hz) which differs from the 
bit rate fo(biVs)\ a data signal sampling device (12, 22, 
32) which samples the data signal with a bit rate fg {bit/ 
s) In accordance with the sampling pulse train to obtain 
a sampled signal; a voltage retaining device (14) which 
converts the sampled signal which is an optical or elec- 



trical sampled signal obtained by the data signal sam- 
piing device, and stores a plurality of pieces of data as 
electrical digital data; an electrical signal processing de- 
vice (1 6) which reads the plurality of pieces of the elec- 
trical digital data stored In the voltage retaining device 
at once or sequentially to obtain a signal eye-diagram 
and evaluates optical data signal quality parameters; 
and a triggerslgnal generation device (1 5) which applies 
triggers indicating the start^inlsh of data acquisition to 
the voltage retaining device, and applies triggers indi- 
cating the start/finish of data read to the electrical signal 
processing device (16). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a data signal 
quality evaluation method using high speed sannpling, 
suitable for use when sampling an optical or electrical 

data signal with a predetermined bit rate and displaying 10 
an eye-diagram and measuring signal quality. 

Description of the Related Art 

[0002] A first example of a conventional optical signal '5 
quality evaluation apparatus Is shown in FIG. 10 (see 
reference document "Handbook of ELECTRONIC 
TEST EQUIPMENT (Section 5-8. SAMPLING OSCIL- 
LOSCOPE), pp. 184-189, JOHN D, LENK, Prentice- 
Hall, Inc., Englewood Cliffs, N. J., 1 971 ", reference doc- so 
ument "Modeling of the HP-1430A Feedthrough Wide- 
Band {28-ps) Sampling Head, SEDKI M. RIAD, IEEE 
Transactions on Instrumentation and Measurement, 
Vol, IM-31, No. 2, June 1982, pp. 110-115", for exam- 
ple). This conventional optical signal quality evaluation 25 
apparatus comprises an opto-electrlcconversion device 
1 01 which converts an optical signal with a bit rate of fg 
{bIVs) Into an electric intensity modulated signal, a clock 
extraction device 1 02 which extracts a clock from the 
electric Intensity modulated signal, a sampling clock .30 
generation device which generates a sampling clock 
with a repetition frequency of /y (H/T) (/y = (n/m) fo + a, 
where n and m are nalurai numbers, and a is the offset 
frequency) synchronized with the clock extracted by the 
clock extraction device 102, and an electrical signal 35 
processing device 1 04. The electrical signal processing 
device 1 04 samples the electric intensity modulated sig- 
nal Input via the clock extraction device 1 02 in accord- 
ance with the sampling clock, and displays a sampled 
data distribution sequentially based on the obtained 40 
sampled electrical signal, thereby obtaining a signal 
eye-diagram, and evaluates the optical signal quality 
parameters. 

[0003] As a second conventional example, resem- 
bling the first conventional example described above, '^5 
there are optical sampling devices using a sampling op- 
tical pulse train having a repetition frequency of ff {H^ 
{ff = {n/m) fg + a, where n and m are natural numbers, 
and a is the offset frequency) and a pulse width suffi- 
ciently narrower than atimeslot of an optical signal, and so 
optical sampling devices using a sampling clock (see 
Japanese Patent No. 2677372, Japanese Patent No. 
3239925, reference document "1 00 GblUs optical signal 
eye-diagram measurement with optical sampling using 
organic nonlinear optical crystal, H. Takara, S. Kawani- 55 
Shi, A. Yokoo, S. Tomaru, T. Kitoh and M. Saruwatarl, 
Electronics Letters, Vol. 32, No. 24., 21st November 
1 996, pp. 2256-2258", for example). These optical sam- 



pling devices are provided before the opto-electric con- 
version device. In these examples, an optical splitter 
splits the optical signal, and optical sampling is per- 
formed using a sampling clock or a sampling optical 
pulse train synchronized with the clock obtained by per- 
fonning clock extraction from one of the split optical sig- 
nals. The sampled optical signal is then converted into 
a sampled electrical signal by the opto-electric conver- 
sion device. The electrical signal processing device then 
displays sequentially a sampled data distribution based 
on the obtained sampled electrical signal, thereby ob- 
taining a signal eye-diagram, and evaluates the optical 
signal quality parameters. 

[0004] The repetition frequency of the sampling dock 
in the first conventional example is normally within the 
range of several dozen to several hundred kHz, and it 
takes time to obtain a signal eye-diagram which is nec- 
essary and sufficient for evaluation, and therefore wan- 
der of the optical signal becomes an issue. Consequent- 
ly, clock extraction was essential. In the second conven- 
tional example in which optical sampling is performed 
by the sampling ckick or the sampling optical pulse train, 
the repetition frequency of the sampling clock or the 
sampling optical pulse train is approximately 10 MHz, 
but because it is necessary to perfonn the electrical sig- 
nal processing to determine the sampled data distribu- 
tion sequentially, the effective sampling rate decreases, 
and it takes time to obtain a necessary and sufficient 
signal eye-diagram for evaluation, and therefore wander 
of the optical signal becomes an issue. Consequently, 
clock extraction was essential. 
[0005] As described above, because clock extraction 
is required in both the first and second conventional ex- 
amples, this presents such problems as increases in the 
scale of the apparatus, increases in the complexity of 
the method or apparatus, and increases in the cost of 
the apparatus. An optical signal monitoring apparatus 
using asynchronous sampling (see European Patent 
Application Pubication No. EP 0920150 A2, reference 
document "Optical signal quality monitoring method 
based on optical sampling, 1. Shake, H. Takara, S. Ka- 
wanlshi and Y. Yamabayashi, Electronics Letters, Vol, 
34, No. 22, 29th October 1 998, pp. 2152-2154", for ex- 
ample), is proposed as athird conventional example, as 
an optical signal monitoring apparatus which does not 
requi,^e clock extraction. However, because this method 
evaluates an optical signal intensity distribution based 
on an asynchronous eye-diagram, it still cannot be ap- 
plied to degradation in the time domain (such as jitter 
and polarization dispersion). 

SUMMARY OF THE INVENTION 

[0006] In accordance with the above circumstances, 
an object of the present invention is to provide a data 
signal quality evaluation method and apparatus whk:h 

by omitting a clock extraction section, enables the scale 
of the apparatus to be reduced, which allows the method 
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or the apparatus to be simplified, and which aliows the 
cost of the apparatus to be reduced, and which is capa- 
ble of monitoring not only signal-to-noise ratio (SA/fl) 
degradation and wavelength dispersion degradation, 
but also signal quality degradation In the time domain, 
such as jitter and polarization dispersion degradation. 
[0007] In orderto achieve the above objects, the data 
signal quality evaluation method of the present invention 
comprises the steps of: after repeating W times (where 
W is a natural number) a process in which an input op- 
tical or electrical data signal with a bit rate of (bif/s) is 
sampled using an optical or electrical sampling pulse 
train, which is generated independently of the data sig- 
nal, and which has a repetition frequency f, (Hz) which 
differs from the bit rate fg (bit/s), a thus obtained optical 
or electrical sampled signal is converted into a piece of 
electrical digital data, and the piece of the electrical dig- 
ital data is stored In a buffer, reading N pieces of the 
electrical digital data stored in the buffer at once or se- 
quentially and performing electrical signal processing of 
the N pieces of the electrical digital data, to obtain aslg- 
nal eye-diagram and to perfonn data signal waveform 
measurement and quality evaluation. 
[0008] Furthermore, the data signal quality evaluation 
apparatus of the present invention comprises a sam- 
pling pulse train generation device which generates an 
optical or electrical sampling pulse train, independently 
of an input optical or electrical data signal with a bit rate 
of fg (bWs), and which has a repetition frequency fj (Hz) 
which differs from the bit rate /'^(Ms); a datasignal sam- 
pling device which samples the data signal with the bit 
rate fo[bWs) In accordance with thesampling pulse train 
to obtain a sampled signal; a voltage retaining device 
which converts the sampled signal which is an optical 
or electrical sampled signal obtained by means of the 
data signal sampling device into a piece of electrical dig- 
ital data, and stores a plurality of pieces of the electrical 
digital data; an Gloctrical signal processing device which 
reads the plurality o1 pieces of the electrical digital data 
stored in the voltage retaining device at once or sequen- 
tially to obtain a signal eye-diagram and to evaluate op- 
tical data signal quality parameters; and a trigger signal 
generation device which applies triggers indicating the 
start/finish of data acquisition to the voltage retaining 
device, and applies triggers Indicating the start/finish of 
data read to the electrical signal processing device. 
[0009] The present Invention can provide a data sig- 
nal quality evaluation method and apparatus, in which 
a reduction in the scale of the apparatus, simplification 
of the method and the apparatus, and a reduction in the 
cost of the apparatus can be achieved due to the fact 
that a clock extraction section is omitted, and in which 
by acquiring data using high speed sampling and a buff- 
er, a pseudo-synchronized optical signal eye-diagram 
unaffected by wander can be obtained despite the lack 
of a synchronizing device, and which can monitor not 
only signal-to-noise ratio [SNR) degradation and wave- 
length dispersion degradation, but also signal quality 



degradation in the time domain, such as jitter and polar- 
ization dispersion degradation. 
[0010] Furthermore, by using an optical sampling 
method, the present invention can be applied to a wider 
5 range of optical signal bit rates than methods in which 
electrical sampling methods are used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0011] 

FIG, 1 Is a block diagram showing the construction 
of a first embodiment of the present invention. 
FIG. 2 Is a block diagram showing the constmctlon 
'5 of a second embodiment of the present invention. 
FIG. 3 is a block diagram showing the construction 
of a third embodiment of the present invention. 
FIG. 4 is a diagram showing an example of data sig- 
nal quality evaluation according to the embodi- 
ments shown in FIG. 1 to FIG. 3. 
FIG. 5 is a diagram showing another example of da- 
ta signal quality evaluation according to the embod- 
iments shown in FIG. 1 to FIG. 3. 
FIG. 6 is a diagram showing another example of da- 
ta signal quality evaluation according to the embod- 
iments shown in FIG. 1 to FIG. 3. 
FIG. 7 is a diagram showing another example of da- 
ta signal quality evaluation according to the embod- 
iments shown in FIG. 1 to FIG. 3. 
FIG, 8 is a diagram showing another example of da- 
ta signal quality evaluation according to the embod- 
iments shown in FIG. 1 to FIG. 3. 
FIG. 9A through FIG. 9D are diagrams showing 
samples of data plotting according to the embodi- 
ments shown in FIG. 1 to FIG. 3. 
FIG. 1 0 is a block diagram showing the construction 
of a conventional example. 



First Embodiment 

[001 2] A first embodiment of a data signal quality eval- 
uation apparatus according to the present invention Is 
shown in FIG. 1 . This embodiment is in accordance with 
the invention as disclosed in claim 1 0. In the present 
embodiment, an electrical signal electrical sampling de- 
vice 12 is used as the data signal sampling device. In 
the case of the present embodiment, the input data sig- 
nal is an electrical datasignal, and a sampling clock gen- 
eration device 13 is used as the sampling pulse train 
generation device. FIG. 1 shows a specific case in which 
an optical signal with a bit rate fg [biVs] is converted Into 
an electric intensity modulated signal via an opto-elec- 
tric conversion device 11 and then Input into the electri- 
cal signal electrical sampling device 12. However, in a 
case in which an electrical signal with a bit rate fg [bitls) 
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is input directly into the electrical signal electrical sam- 
pling device 12, the opto-electric conversion device 11 
is unnecessary, and such an embodiment is also includ- 
ed in the present embodiment. The operation of the 
present embodiment is described below. 
[001 3] The optical signal with a bit rate fg {bit/s) arrives 
at the electrical signal electrical sampling device 12 via 
the opto-electric conversion device 11 as an electric in- 
tensity modulated signal. In addition, a sampling clock 
is generated by the sampling clock generation device 
13 at a repetition frequency of (Hz) (f, = [nfm) + a, 
or f-f = (n/m) fg - a, where n and m are natural numbers, 
and a is the offset frequency). The electrical signal elec- 
trical sampling device 12 samples the electric intensity 
modulated signal in accordance with this sampling clock 
to obtain a sampled electricai signal. A voitage retaining 
device 1 4 perfonns analog/digital conversion (A/D con- 
version) of the sampled electrical signal according to 
trigger signals from a trigger signal generation device 
15 indicating the start of data acquisition, and a tempo- 
rary memory storage operation is performed. The volt- 
age retaining device 14 stores a plurality of pieces of 
sampled data forthetime until a trigger signal indicating 
theflnish of data acquisition Is sent from the trigger sig- 
nal generation device 15. The plurality of pieces of the 
sampled data are then output according to a trigger sig- 
nal from an external source. Here for example, a high- 
speed AyD conversion circuit which comprises an elec- 
trical buffer memory with a capacity equal to or greater 
than a kilobyte and which has the function of MHz to 
GHz sampling could be used. Furthermore, the sam- 
pling gate width of the sampling clock is preferably less 
than 1/4 or thereabouts of the time determined by the 
reciprocal of the bit rate fgol the optical signal. 
[0014] After data acquisition has been perfomned for 
a fixed period of time and a plurality of pieces of sampled 
data have been stored in the voltage retaining device 
14, the trigger signal generation device 15 sends a trig- 
ger signal Indicating the start of data read to an electrical 
signal processing device 16. Then the electrical signal 
processing device 1 6 reads the plurality of pieces of the 
sampled data from the voltage retaining device 14 ac- 
cording to the trigger signal indicating the start of data 
read, obtains a signal eye-diagram from the plurality of 
pieces of the sampled data, and perfomns such func- 
tions as displaying the signal eye-diagram and perform- 
ing predetennined arithmetic processing relating to sig- 
nal-to-nolse ratio {SNR) degradation, wavelength dis- 
persion degradation, and signal quality degradation in 
the time domain such as jitter and polarization disper- 
sion degradation and displaying the results of the pre- 
detemnlned arithmetic processing so that the optical sig- 
nal quality parameters can be evaluated, or outputting 
the results to a predetermined external device. 
[0015] Here, the repetition frequency of the sam- 
pling ctock is detemilned based only on the number (n/ 
m) fi which is related to the optical signal bit rate fg, and 
is not made to follow the bit phase of the optical signal 



using clock extraction or the like. For example, here a 
case in which the optical signal bit rate is one of either 
2.5 Gbit/s, 10 Gbit/s or 40 Gbit/s is considered. In this 
case, if 100 iWHz which is one of the common measures 

5 of these bit rates is known as the information required 
to determine the repetition frequency of the sampling 
clock, f) can be determined based on this figure. For 
example, if the repetition frequency of the sampling 
clock is set to (100 MHz + a Hz), and it is assumed that 

10 15000 pieces of sampled data are required, then a data 
acquisition time of approximately 150 |is is required. In 
other words, in this method, the only bit phase shift 
caused by wander which affects the eye-diagram used 
in the evaluation is the variation within approximately 

'5 150 lis. If the temperature difference within one day is 
60 "C (over 12 hours), then the temperature variation 
within 1 60 }is is approximately 2.1 x lO-^'C. Taking into 
consideration the fact that the maximum amount of 
pulse delay in a nylon coated quartz fiber which forms 

20 the transmission line of the optical signal is approxi- 
mately 0.2 pslml°C (actual measured value), the 
amount of pulse delay caused by variation in the tem- 
perature of the whole transmission line of 100 km ac- 
cordlngto air temperature variation is4,2x y0"3pswith- 

25 in 150 |is. Because this value is small enough to be ig- 
nored not only in electrical sampling at a resolution of 
approximately 20 ps but even in optical signal optical 
sampling at a resolution of approximately 1 ps, the eye- 
diagram according to the present method can be eval- 

30 uated as if it is a synchronous eye-diagram. 

[001 6] An example of a suitable range for setting the 
offset frequency a is 



35 




(where k and q are natural numbers) for example, 
[0017] Here, what nin), k, and q refer to is described 
in detail in the "display examples of eye-diagrams ac- 

*5 cording to the embodiments" below. 

[0018] Furthermore, the Input signal (data signal) in 
the data signal quality evaluation apparatus of the 
present invention is not limited to an optical signal with 
a bit rate fg {bitfs) as described above, and may be an 

50 electrical signal with a bit rate fg {bitis). In such a case, 
in the embodiment shown in FIG. 1 , the opto-electric 
conversion device 11 may be omitted, and the input 
electrical signal with a bit rate fg input directly Into the 
electrical signal electricai sampling device 1 2, for exam- 

55 pie. 

[0019] Furthermore, to not have the repetition fre- 
quency of the sampling clock follow the bit phase of 
the optical signal (or the electricai signal) using clock 
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extraction orthe like, means generating a sampling sig- 
nal with a repetition frequency fj (Hz) independently of 
the data signal. Here, "independently" means that the 
relationship between the bit phases of the data signal 
and the sampling signal do not constantly track each 
other 

[0020] Moreover, in the reading of a plurality of pieces 
of sampled data from the voltage retaining device 1 4 by 
the electrical signal processing device 16, the plurality 
of pieces of the sampled data may be read at once, or 

sequentially. 

Second Embodiment 

[0021] A second embodiment of a data signal quality 
evaluation apparatus of the present invention is shown 
in FIG. 2. This embodiment is in accordance with the 
invention as disclosed in claim 10. In the present em- 
bodiment, an optical signal electrical sampling device 
22 is used as the data signal sampling device. In such 
a case, the input data signal Is an optical data signal, 
and a sampling clock generation device 23 Is used as 
the sampling pulse train generation device. In this case, 
because a sampled optical signal is obtained by the op- 
tical signal electrical sampling device 22, then in order 
to convert the sampled signal into a piece of electrical 
digital data and store the piece of the electrical digital 
data, it is necessary to perform analog/digital conver- 
sion after performing opto-electric conversion. Conse- 
quently, the construction shown in FIG. 2 Is such that a 
voltage retaining device 1 4 having an analog/digital con- 
version function is provided after the opto-electric con- 
version device 21 . In FIG. 2, those structural elements 
which are the same as in FIG. 1 are given the same ref- 
erence numerals. The operation of the present embod- 
iment is described below. 

[0022] An optical signal with a bit rate of (bWs) ar- 
rives at the optical signal electrical sampling device 22. 
In addition, a sampling clock is generated by the sam- 
pling clock generation device 23 at a repetition frequen- 
cy of ff (Hz) [fj = (nim) /g + a or = [nim) 1g - a, where 
n and m are natural numbers and a is the offset frequen- 
cy), and arrives at the optical signal electrical sampling 
device 22. Here, devices such as electrical short pulse 
generation by means of a combination of a synthesized 
signal generator and a comb generator can be used as 
the sampling clock generation device 23. in addition, it 
is preferable that the repetition frequency ff of the sam- 
pling clock is high-speed. In the MHzto GHzregion. Fur- 
thermore, it is preferable that the frequency band of the 
comb generator is extended to approximately fourtimes 
the bit rate /q of the optical signal, and that the pulse 
width of the electrical short pulse is set to approximately 
the time width as determined by the Fourier transform 
of the frequency band of the comb generator. IVloreover, 
an electric amplifier could be used before or after the 
comb generator as needed. Additionally, a baseband 
clipper could be used afterthe comb generator as need- 



ed. 

[0023] In the optical signal electrical sampling device 
22, the optical signal is sampled in accordance with the 
sampling clock to obtain a sampled optical signal with a 
5 bit rate ff. In the optical signal electrical sampling device 
22, a gate operation perfomned by an electro-absorption 
optical modulator, or the like, may be used. Here, the 
transmission band of the optical signal of the optical sig- 
nal electrical sampling device 22 is preferably close to 
10 the optical signal bit rate fg. Furthermore, the sampling 
gate width of the optical signal electrical sampling de- 
vice 22 is preferably equal to or less than 1/4 or there- 
abouts of the time determined by the reciprocal of the 
bit rate fg of the optical signal. The sampled optical sig- 
'5 nal is then converted into a sampled electrical signal by 
the opto-electric conversion device 21 . 
[0024] The voltage retaining device 1 4 performs ana- 
log/digital conversion (AID conversion) of the sampled 
electrical signal according to trigger signals from the trig- 
ger signal generation device 15 indicating the start of 
data acquisition, and performs a temporary storage op- 
eration. The voltage retaining device 1 4 stores a plural- 
ity of pieces of sampled data for the time until a trigger 
signal indicating the finish of data acquisition is sent 
from the trigger signal generalion device 15, and outputs 
the plurality of pieces of the sampled data according to 
a trigger signal from an external source. Here for exam- 
ple, a high speed A/D conversion circuit which compris- 
es an electrical buffer memory with a capacity equal to 
or greater than a kilobyte and which has the function of 
MHzto GHz sampling could be used. After data acqui- 
sition has been performed for a fixed period of time and 
a plurality of pieces of sampled data have been stored 
in the voltage retaining device 1 4, a trigger signal indi- 
catl ng the start of data read is sent from the trigger signal 
generation device 15 to the electrical signal processing 
device 16. Then the electrical signal processing device 
1 6 reads the plurality of pieces of the sampled data from 
the voltage retaining device 14 according to the trigger 
signal indicating the start of data read, obtains the signal 
eye-diagram from the plurality of pieces of the sampled 
data, and evaluates the optical signal quality parame- 
ters. 



[0025] A third embodiment of a data signal quality 
evaluation apparatus of the present Invention is shown 
in FIG. 3. This embodiment is in accordance with the 

50 invention as disclosed in claim 1 0. In the present em- 
bodiment, an optical signal optical sampling device 32 
is used as the data signal sampling device, in such a 
case, the input data signal Is an optical data signal, and 
a sampling optical pulse train generation device 33 Is 

55 used as the sampling pulse train generation device. In 
this case, because a sampled optical signal is obtained 
by the optical signal optical sampling device 32, then in 
order to convert the sampled signal into a piece of elec- 
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trical digital data and store the piece of electrical digital 
data, it is necessary to perform analog/digital conver- 
sion after performing opto-electric conversion. Conse- 
quently, tiie construction siiown in FIG. 3 is such that a 
voltage retaining device 1 4 having an analog/digital con- 
version function is provided after the opto-electric con- 
version device 21. In FIG. 3, those structural elements 
which are the same as in FIG. 1 or FIG. 2 are given the 
same reference numerals. The operation of the present 
embodiment is described below. 
[0026] An optical signal with a bit rate fg (bitis) arrives 
at the optical signal optical sampling device 32. In addi- 
tion, a sampling optical pulse train is generated by the 
sampling optical pulse train generation device 33 at a 
repetition frequency if (Hz) (if = (n/m) fg + a or f, = {r^ 
m) fg - a, where n and m are natural numbers and a is 
the offset frequency), and arrives at the optical signal 
optical sampling device 32. Here, the sampling optical 
pulse train has a pulse width sufficiently smaller than the 
time determined by the reciprocal of the bit rate of the 
optical signal. Gain switching type laser diodes, fiber 
ring lasers and mode locldng laser diodes and the like 
can be used as the sampling optical pulse train gener- 
ation device 33. Here, it is preferable that the repetition 
frequency of the sampling optical pulse train is high- 
speed, in the MHz to GHz region. Furthermore, the 
pulse width of the sampling optical pulse train is prefer- 
ably equal to or less than 1/4 of the time detennined by 
the reciprocal of the bit rate /q of the opticai signal. 
[0027] The optical signal optical sampling device 32 
samples the optical signal in accordance with the sam- 
pling optical pulse train to obtain a sampled optical sig- 
nal. Here, a nonlinear optical effect between the optical 
signal and the sampling optical pulse train can be used 
for the optical signal optical sampling device 32, and a 
nonlinear optical medium such as KTP (KTiOP04), 
AANP (2-adamantylamino-5-nitropyridine) or PPLN 
(Periodicaliy Poled Lithium Niobate) can be usedforthis 
purpose. Furthermore, SFG (sum frequency (optical 
signal) generation), SHG (second-order harmonic (op- 
tical signal) generation) or FWM (four wave mixing) can 
be employed as the nonlinear optical effect. 
[0028] The sampled optical signal is converted into a 
sampled electrical signal by the opto-electric conversion 
device 21 . The voltage retaining device 1 4 perfomns an- 
alog/digital conversion (AID conversion) of the sampled 
electrical signal according to trigger signals from a trig- 
ger signal generation device 15 indicating the start of 
data acquisition, and performs a temporary memory 
storage operation. The voltage retaining device 14 
stores a plurality of pieces of sampled data for the time 
until a trigger signal indicating the finish of data acqui- 
sition is sent from the trigger signal generation device 
15, and outputs the plurality of pieces of the sampled 
data according to a trigger signal from an external 
source. Here for example, a high speed A/D conversion 
circuit which comprises an electrical buffer memory with 
a capacity equal to or greater than a kilobyte and which 



has the function of MHzto GHzsamplIng could be used. 
After data acquisition has been peri'ormedforafixed pe- 
riod of time and a plurality of pieces of sampled data 
have been stored in the voltage retaining device 14, a 

5 trigger signal Indicating the start of data reading is sent 
from the trigger signal generation device 1 5 to the elec- 
trical signal processing device 16. Then the electrical 
signal processing device 1 6 reads the plurality of pieces 
of the sampled data from the voltage retaining device 

10 14 according to the trigger signal indicating the start of 
data read, obtains the signal eye-diagram from the plu- 
rality of pieces of the sampled data, and evaluates the 
optical signal quality parameters. 

15 Fourth Embodiment 

[0029] In this embodiment, an example of an evalua- 
tion procedure for use when an accurate value is not 
known for the signal bit rate fg Is described. First, if the 

20 signal format is known, the signal bit rate can be as- 
sumed to be in the case of SDH, for example, one of 
either 2.48832 GbiUs, 9.95328 Gbh/s, 39.81312 GbiV 
s, ... However, to be accurate, it can be assumed that 
there is actually deviation of df(Hz) in the signal bit rate, 

25 and In the case of SDH, for example, there is an allow- 
ance of df=± 200 ppm. Assuming actual deviation of df 
in the bit rate. If the repetition frequency of the sampling 
clock Is determined based on, for example, a common 
measure of 2.48832 GbWs, 9.95328 Gbiffs and 

30 39.81312 Gfeft'swithouttaking off Into consideration, de- 
viation also occurs in f, by an amount attributable to df. 
If this satisfies f, = (n/m) fo + a (where n and m are 
natural numbers) and (n/m)2 q/{k+ (n/m) q} fo < a < {n/ 
/n)2 q/ {k+ (n/m) q-^} /^(where /r is a natural number), 

35 the measurement of an open eye-diagram can be 
achieved. If does not satisfy these conditions, the 
measurement of an open eye-diagram can be achieved 
by sweeping the value of or sweeping at least one of 
the value of f.,, the value of k, the value of n/m and the 

40 value of q so that ikj < Nsamp and ik] <kz/ {2q(k - z)} 
(where /, /, and Nsamp are natural numbers) are satis- 
fied. What n/m, k, q, and z refer to Is described in detail 
in the "display examples of eye-diagrams according to 
the embodiments" below. This method of sweeping 

45 these parameters can be applied not only to a case 
where the signal bit rate is known to a certain extent 
based on the signal fomnat, but also to a case when the 
signal bit rate is completely unknown. However, in such 
a case, the demand forthe variable width of f, is greater. 

50 [0030] Thecondition under which eye-diagram meas- 
urement Is possible without sweeping the value of /, is 
f^>(2-fo- Nsamp ■ Id/l)"^ Therefore, if /(,= 9.95328 
Gbitts, df = 200 ppm and Nsamp = 250, for example, 
then /q > the order of 1 GHz, and by using a high speed 

55 sampling rate, eye-diagram measurement is possible 
even in a case where the signal bit rate cannot be known 
accurately. 
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Quality evaluation examples according to the 
embodiments 

[0031] Examples of quality evaluation according to 
the first embodiment to the fourth embodiment of the 
present invention are described with reference to FIG. 
4 through FIG. 8. Each diagram shows an example of a 
typical synchronous eye-diagram and an example of the 
evaluation parameters. 

[0032] FIG. 4 shows an example of an eye-diagram 
for an WflZ signal (Non-Retum-to-Zero signal). An am- 
plitude histogram is shown for a case in which the time 
window of dt is set centered about the time when the 
eye opening is the largest in the intensity domain. The 
means ll, and Ugand the standard deviations a, and oq 
are evaluated for the distributions of the mark and space 
levels, respectively. 

[0033] Furthermore, the Q-factor determined by 

Q = 1(1 , - Hol/o^ + ©0 

can be used as an evaluation parameter. Here, Ip.^ -(igl 
is the absolute value of the difference between the 

means ji^ and (ig. 

[0034] The bit error rate can be estimated from the Q- 
factor, using BER = erfc (Q). Here, BER is the Bit Error 
Rate, and erfc is the complementary error function. 
[0035] FIG. 5 shows an example of an eye-diagram 
for an flZsignal {Return-to-Zero signal). The means n,, 
p,0, the standard deviations Oy, og and the Q-factor are 
evaluated in the same manner as described above for 
an A/flZsignal. 

[0036] FIG. 6 shows an example of an eye-diagram 
of an Af/?Z signal. An amplitude histogram Is shown in 
which the time window of off is set with the cross-point 
of the eye-diagram as Its center. The means |x,, |X(,and 
{icross s""® evaluated for the distributions of the mark and 
space levels and the frequency distribution near the 
cross-point, respectively. 

[0037] As an example, fl^^^^ = l^g^s - hqI/Iji, - jiqI 
indicates the deviation in the amplitude Intensity at the 
cross-point, and is therefore a parameter tor evaluating 
the effect of pulse broadening caused by wavelength 
dispersion or the like. 

[0038] FIG. 7 shows an example of an eye-diagram 
for an /VRZsignal. This diagram shows atime histogram 
of the section defined by the time width dt and the inten- 
sity width dl, and in this example the standard deviation 
Uf is evaluated. <jf is a parameter for evaluating the ef- 
fects of jitter. 

[0039] FIG. 8 is an example of an eye-diagram for an 
ftZsignal. The diagram on the left shows an amplitude 
histogram in which the time window of dt^ is set with the 
time when the eye opening in the intensity domain is the 
largest as its center, and the means p., and Hoare eval- 
uated for the distributions of the mark and space levels, 
respectively. The diagram at the top shows a time his- 



togram of the section defined by the time width dt and 
the Intensity width dl, centered on the value of lp,j - n^l/ 
2, and in this example the standard deviation c^and the 
difference between the means Tp^^^f^ are evaluated, <Tj 

5 is a parameter for evaluating the effects of jitter Tp^f^M 
indicates the full width at half maximum of the RZ pulse, 
which is a parameter for evaluating the pulse broaden- 
ing caused by wavelength dispersion. 
[0040] In addition, by setting the windows of the time ' 

10 width df and the frequency width d/ arbitrarily, it is pos- 
sible to evaluate the degradation caused by PMD (po- 
larization mode dispersion) and the like. 

Display examples of eye-diagrams according to the 
'5 embodiments 

[0041] Regarding the display of eye-diagrams, a plu- 
rality of pieces of sampled data can be displayed on a 
display device as is, in theorder in which they were sam- 

20 pled. In such a case. Instead of arranging every sampled 
point in a timeseries, the sampled points may be super- 
posed from time zero at an interval of a certain period. 
An eye-diagram can be displayed by repeatingthis proc- 
ess for every sampled point. 

25 [0042] The superposition period is described below. 
Here, a case is described In which when the bit rate of 
the data signal is fg {bills), and the repetition frequency 
[Hz) of the sampling Is represented by = (n/m) fQ + 
a, or = (nim) fg-a (where n and m are natural numbers, 

30 and a is the offset frequency), a satisfies the condition 



35 
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- ky 







fo 



40 (where k and q are natural numbers) 

[0043] Here, n/m is a value relating to the ratio be- 
tween fg and fp and if n/m Is 1/1 00 and is 1 0 [Gbit/s), 
for example, then is approximately 1 00 (MHz), show- 
ing that the sampling frequency is such that one sam- 

45 pled point is obtained for every approximately 100 bits 
of the data signal. Furthermore, k \sa value relating to 
the superposition period, indicating that sampled points 
are superposed in units of k. Furthemiore, q is a value 
indicating how many bits of the data signal are repro- 

50 duced when /r sampled points are arranged in a time 
series. As an example, plotting examples of the points 
P1 to P8 each corresponding with a piece of sampled 
data are described below for a case where = {n/m) - 
a, with reference to FIG. 9A to FIG. 9D. FIG. 9A is a 

55 diagram showing the waveform of a data signal (al- 
though only points PI to P5 are shown in FIG. 9A), and 
FIG. 9B to FIG. 9D are diagrams showing plotting ex- 
ampleis thereof. Furthemiore, in this case the variables 
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satisfy n/m = 1,k = 4 and q=1. 
[0044] In the case above, the value of the offset fre- 
quency a(=± (fj -fo)) is within the range of (115) 1o<a 
< (1/4) Ig. in other words, 1/4/ < II - l/fg < 1/3/fg is 
satisfied, and At (= 1/f^ - l/fg) is set to a value greater 
than 1/4 and less than 1/3 of one timeslot which is the 
reciprocal of fg. The waveform within one timeslot is re- 
produced by arranging points PI to P4 in order (FIG. 
9B). 

[0045] In this example, point PS is not plotted in a po- 
sition following point P4, and is instead plotted after re- 
turning to time zero. Here, there are two possible super- 
position methods. 

(1) The first superposition method involves aligning 
the time position of point P5 with the time position 
of point PI, as shown in FIG. 9C. When the time 
position of point P5 is aligned to the time position of 
point P1, the second superposed waveform 
presents slight temporal deviation relative to the 
first waveform. In superposing the third and then 
fourth waveforms in the same manner, the degree 
of deviation increases gradually, and consequently 
the eye tends towards closing as the number of su- 
perposed waveforms increases. The only informa- 
tion required to realize this superposition is the val- 
ue of n/m. Because the sampling clock can be set 
locally, k can be determined arbitrarily within the 
range of natural numbers, and the superposition pe- 
riod is determined according to k. k \s a natural 
number, and it can besaidthat a larger value Is pref- 
erable for the repnaduction of a complicated wave- 
form. 

(2) The second superposition method involves 
aligning the time position of point P5 to a multiple 
of l/fg, as shown in FIG. 9D. If the time position of 
point P5 is aligned to a multiple of l/fg, the second 
superposed waveform overlaps the first waveform. 
However, it is necessary to know the absolute value 

OUg. 



5 




and because in the cun-ent case n/m = ^ and q = /, z is 

10 a real number which satisfies 3 < z < 4, and therefore a 
= {1 / (z + 1)} fg Performing the calculations based on 
these facts shows that in comparison with a case where 
a = (1/4) fg, the size AT of the deviation which occurs 
when superposing wavefomns is /sJ = (4 - z)/ (zfg). In 

IS other words, if the period of the superposition is ik 
(where /is a natural number, in this example ; = 1), then 
AT=q(k-z)i/ (zff^. In other words, as the waveforms 
are superposed a second and a third time, and so on, 
each waveform deviates by an additional AT in the time 

20 domain. Once the total deviation equals half the size of 
a timeslot which is the reciprocal of fg, the eye-diagram 
Is completely closed, and as such this Is the upper limit 
for deviation. If the number of sampled points to be 
measured at a time is deemed Nsamp, and the number 

25 of superposition Is deemed /, then ikj< Nsamp. Accord- 
ingly, if the total accumulated deviation is deemed Sum 
[AT], Sum [AT] Is expressed as 

30 Sum[A-n= 9i!s^ 

[0048] Because a condition for enabling eye opening 
evaluation is that this value is equal to or less than half 
35 of 1/fg, if the number of sampled points is within a range 
which satisfies 



[0046] First, the deviation occurring when the time po- 
sition of point P5 is aligned to the same time position as 
point PI in method (1) is estimated. If a = (1/4) fg, then 
point P5 is aligned to point P1 at a period of l/fg, and 
consequently if superposition Is perfonned in units of 
four points (or if superposition is performed based on a 
multiple of four), even if the superposition of waveforms 
is continued infinitely, a clean eye-diagram can be ob- 
tained. However, in this case, as is apparent from the 
equation above used to define the range of a, a deviates 
slightly from (1/4) fg 

[0047] Here, assuming that 2 is a real number which 
satisfies k-1 <z<k, then 



that is 

., . ^ zk 

then the eye opening can be evaluated even if a local 
clock is used. 

[004S] In other words, when the value of a Is 
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(where 2 is a real number which satisfies l< - 1 <z< l<) 
and A/samp pieces of sampled data are displayed in the 
order of measurement at a time interval of clt=1 / (zfu) 
in the time domain, then in the case where a signal eye- 
diagram Is obtained and data signal waveform meas- 
urement and quality evaluation are performed by, deem- 
ing the time position of the first piece of the sampled 
data f = 0, displaying the plurality of pieces of the sam- 
pled data in a superposed manner by returning the time 
position to 0 each time t = p / fg (where p is a natural 
number), if the number of superposition is deemed j 
(where /is a natural number), data signal quality evalu- 
ation can be performed for the entire number of pieces 
of the sampled data Nsamp, by satisfying pki< Nsamp. 
[0050] To further expand on the above-described 
process, evaluation can be performed after repeating / 
times the process of acquiring Nsamp pieces of data 
and displaying an eye-diagram as described above, and 
then superposing j eye-diagrams based on the point 
where the eye opening is largest. Using this process, 
the effective number of sampled points used in the eval- 
uation can be increased, thereby further reducing the 
Indeterminacy of the evaluation. 



Claims 

1. A data signal quality evaluation method, comprising 
the steps of; 

after repeating N times (where /V is a natural 
number) a process in which an input optical or 
electrical data signal with a bit rate of fg {bitfs) 
is sampled using an optical or electrical sam- 
pling pulse train, which is generated independ- 
ently of the data signal, and which has a repe- 
tition frequency (Hz)wY]\ch differs from the bit 
rate fg {biOs), a thus obtained optical or electri- 
cal sampled signal Is converted into a piece of 
electrical digital data, and the piece of the elec- 
trical digital data is stored in a buffer, 
reading W pieces of the electrical digital data 
stored in the buffer at once or sequentially and 
performing electrical signal processing of the N 
pieces of the electrical digital data, to obtain a 
signal eye-diagram and to perform data signal 
waveform measurement and quality evalua- 
tion. 

2. A data signal quality evaluation method according 
to claim 1 , wherein the repetition frequency (Hz) 
of sampling satisfies = (r^m) fgta (where n and 
m are natural numbers), and a range of variable a is 
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(where k and q are natural numbers). 

A data signal quality evaluation method according 
to claim 2, wherein when an accurate value for the 
bit rate foipWs) is unknown, the value of is swept 
so that the repetition frequency f-, (Hz) of sampling 
satisfies ff = (n/m) fg+a (where n and m are natural 
numbers) and (nlm)^ q/{k+ {n/m) q}fo<a< (nlm)^ 
c^{k+ (n/m) q- IJfg (where /f is a natural number). 

A data signal quality evaluation method according 
to claim 2 or claim 3, wherein when the value of the 
variable a is expressed as 



a = ■ 



m 



z + \ — 



■fo 



(where zisa real number which satisfies k - 1 <z 
< k) and pieces of sampled data are displayed in 
the order of measurement at a time interval of df = 
1l(zf(^ in the time domain, the time positions of eve- 
ry //(piece (where /is a natural number) of the sam- 
pled data counting from the first piece of the sam- 
pled data are superposed and the pieces of the su- 
perposed sampled data are displayed, to obtain the 
signal eye-diagram and to perfomn the data signal 
wavefonn measurement and the quality evaluation, 
and 

wherein when the number of times superpo- 
sition is performed is /(where /is a natural number), 
ikji Nsamp is satisfied for the total number of piec- 
es of the sampled data Nsamp. 

A data signal quality evaluation method according 
claim 4, wherein the variables /' and k are values 
which satisfy ikj< Nsamp, and satisfy 



kz 



2q(k-zy 

A data signal quality evaluation method according 
claim 5, wherein when an accurate value for the bit 
rate fg [biffs) is unknown, at least one of the value 
of k, the value of n/m and the value of q is swept so 
that the repetition frequency f^ (Hz) of sampling sat- 
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isfies = (n/m) fo± a (where n and m are natural 

numbers) and (n/m)^q/{k+ {n/m)q} fo<a< (n/mfq/ 
(k + (n/m) q - 1} fg (where k is a natural number), 
and ikj< Nsamp andikj< kzl {2q (k - z)} (where /, 
/ and Nsamp are natural numbers) are satisfied. 5 

7. A data signal quality evaluation method according 
to claim 2 or claim 3, wherein when the value of the 
variable a is expressed as 

10 




15 



( where zisa real number which satisfies k-1<z<k) 
and pieces of sampled data are displayed in the or- so 
der of measurement at a time interval of dt= 1l(zf() 
In thetime domain, the time position of theflrst piece 
of the sampled data Is deemed f = 0 and the pieces 
of the sampled data are displayed in a superposed 
manner by returning the time position to zero each 25 
time t=p^/o (where pis a natural number), to obtain 
the signal eye-diagram and to perform the data sig- 
nal wavefomi measurement and the quality evalu- 
ation, and 

wherein when the number of times superpo- 30 
sition is perfomied is ;(where /is a natural number), 
p^/< Nsamp is satisfied forthe total number of piec- 
es of the sampled data Nsamp. 



a sampling pulse train generation device which 
generates an optical or electrical sampling 
pulse train, independently of an input optical or 
electrical data signal with a bit rate of fgifoiVs), 
and which has a repetition frequency (Hz) 
which differs from the bit rate /q [bitls)\ 
a data signal sampling device which samples 
the data signal with the bit rate /q {bitls) in ac- 
cordance with the sampling pulse train to obtain 
a sampled signal; 

a voltage retaining device which converts the 
sampled signal which is an optical or eiectrical 
sampled signal obtained by means of the data 
signal sampling device Into a piece of eiectrical 
digital data, and stores a plurality of pieces of 
the electrical digital data; 
an electrical signal processing device which 
reads the plurality of pieces of the electrical dig- 
ital data stored in the voltage retaining device 
at once or sequentially to obtain a signal eye- 
diagram and to evaluate optical data signal 
quality parameters; and 
a trigger signai generation device which applies 
triggers indicating the start/finish of data acqui- 
sition to the voltage retaining device, and ap- 
plies triggers indicating the start/finish of data 
read to the electrical signal processing device. 

11. A data signal quality evaluation apparatus accord- 
ing to claim 10, wherein the repetition frequency 
(Htj of sampling satisfies 1^ = (nim) fgta (where n 
and mare natural numbers), and a range of variable 
a is 



8. A data signal quality evaluation method according 
to any one of claims 4, 5, 6, and 7, wherein by re- 
peating a plurality of times a process of reading 
Nsamp pieces of the sampled data stored in the 
buffer at once or sequentially and performing elec- 
trical signal processing to obtain the signal eye-di- 
agram, and superposing signal eye-diagrams so 
that the eye openings thereof match temporally, the 
total number of pieces of the sampled data which 
constitute the signal eye-diagrams Is Increased, 
and the data signal wavefomi measurement andthe 
quality evaluation are performed. 

9. A data signal quality evaluation method according 

to any one of claims 2, 3, 4, 5, 6, 7, and 8, wherein 
either one of an amplitude histogram and a time his- 
togram, determined from a sampled data distribu- 
tion obtained by dividing an obtained eye-diagram 
in the intensity domain and the time domain, re- 
spectively, is used as a data signal quality parame- 
ter 

10. Adata signal quality evaluation apparatus, compris- 
ing: 



(where k and q are natural numbers). 

45 12. A data signal quaiity evaluation apparatus accord- 
ing to claim 11, wherein the sampling pulse train 
generation device has a function which renders the 
repetition frequency f, (Hz) of the generated sam- 
pling pulse train variable, and which when an accu- 
se rate value for the bit rate fg {bitis) is unl<nown, 
sweeps the value of so that f-, = (n/m) fo±a (where 
n and m are natural numbers) and 
(nlmfql(k + (nlm)q) fo<a< (nlmfql{k + (n/m) q - 
1} fg (where kisa natural number) are satisfied. 

55 

13. A data signal quality evaluation apparatus accord- 
ing to claim 1 1 or claim 1 2, wherein when the value 
of the variable a is expressed as 
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(where zisa real number which satisfies Ir - 1 <z 
< hi) and pieces of sampled data are displayed in 
the order of measurement at a time inten/al at dt = 
1/(zfQ) in the time domain, thetime positions of eve- 
ry /fc piece (where / is a natural number) of the sam- 
pled data counting from the first piece of the sam- 
pled data are superposed and the pieces of the su- 
perposed sampled data are displayed, to obtain the 
signal eye-diagram and to perfomi data signal 
waveform measurement and quality evaluation, 
and 

wherein when the number of times superpo- 
sition Is perfonned is; (where /is a natural number), 
il<j< Nsamp is satisfied for the total number of piec- 
es of the sampled data Nsamp. 

14. A data signal quality evaluation apparatus accord- 
ing to claim 13, wherein the variables/, /care values 
which satisfy il(j<, Nsamp, and satisfy 

15. A data signal quality evaluation apparatus accord- 
ing to claim 1 4, wherein when an accurate value for 
the bit rate fg (bitis) is unknown, the electrical signal 
processing device sweeps at least one of the value 
of /r, the value of n/m and the value of q so that the 
repetition frequency f, (Hz) of sampling satisfies f, 
= (n/m) fg+a (where n and m are natural numbers) 
and (n/m)^q/{l(+ (nlm)q} fo^a< (n/m)^q/{l<+ (n/m) 
q - 1} fo (where /r is a natural number), and &/ <, 
Nsamp and /Tcy < l<z / {2q (l< - z)} (where /, /, and 
Nsamp are natural numbers) are satisfied. 

16. A data signal quality evaluation apparatus accord- 
ing to claim 1 1 or claim 1 2, wherein when the value 
of the variable a is expressed as 



in the time domain, the time position of the first piece 
of the sampled data is deemed f = 0 and the pieces 
of the sampled data are displayed in a superposed 
manner by returning the time position to zero each 
time f = p/fp (where p is a natural number), to obtain 
a signal eye-diagram and to perform data signal 
wavefom measurement and quality evaluation, 
and 

wherein when the number of times superpo- 
sition is perfonned is /(where /is a natural number), 
p/f/< Nsamp is satisfied forthe total number of piec- 
es of the sampled data Nsamp. 

17. A data signal quality evaluation apparatus accord- 
ing to any one of claims 1 3, 1 4, 1 5 and 1 6, wherein 
the electrical signal processing device repeats a 
plurality of times a process of reading the Nsamp 
pieces of the sampled data stored in the voltage re- 
taining device at once or sequentially and obtaining 
a signal eye-diagram, and 

wherein the data signal quality evaluation ap- 
paratus further comprises an eye opening evalua- 
tion section which evaluates the eye-opening of sig- 
nal eye-diagrams, and the total number of pieces of 
the sampled data which constitute the signal eye- 
diagrams for the data signal waveform measure- 
ment and the quality evaluation is increased by su- 
perposing the signal eye-diagrams so that the eye 
openings thereof match temporally. 

18. A data signal quality evaluation apparatus accord- 
ing to any one of claims 11, 12, 13, 14, 15, 16, and 
17, wherein 

the electrical signal processing device com- 
prises at least one of an amplitude histogram eval- 
uation section which determines an amplitude his- 
togram as a data signal quality parameter and a 
time histogram evaluation section which deter- 
mines a time histogram as a data signal quality pa- 
rameter, and 

the amplitude histogram and the time histo- 
gram are determined from a sampled data distribu- 
tion obtained by dividing a signal eye-diagram in the 
amplitude domain and the time domain, respective- 
ly 
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and pieces of sampled data are displayed in the or- 
der of measurement at a time interval of dt= 1/(zf(^ 
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